Random urine samples were obtained to evaluate potential age-or urine concentration-related differences in lysozyme or NAG content. The concentration and excretion of both enzymes was widely variable although no agerelated differences were seen. Urine concentration, however, was an important variable as NAG concentration (per mL urine) and lysozyme excretion (per umol creatinine) were significantly elevated and reduced, respectively, in samples with a higher specific gravity. The correlation coefficient between urine specific gravity and both parameters was significant. Lysozyme excretion is elevated in subjects undergoing a modest diuresis although NAG excretion is unaffected. These data may prove to be useful inthe evaluation of renal dysfunction.
Urinary enzyme analysis has become increasingly useful in the evaluation of a variety of renal disorders. I. 2 In particular. excretion of the lysosomal enzyme N-acetyl-I3-D-glucosaminidase (NAG) and the low molecular weight, bacteriolytic enzyme lysozyme have been studied extensively. Both enzymes have been elevated in a majority of patients with chronic renal failure, Fanconi's Syndrome, interstitial nephritis, renal transplant rejection and nephrotoxicity related to either drugs or environmental contaminants.r F In addition, both enzymes have been increased in some patients with glomerulonephritis and may provide important diagnostic and prognostic information.': 7. K. 13. 14 Unfortunately, numerous problems have prevented these potentially important diagnostic tools from widespread use. Until recently. the assay for lysozyme lacked sensitivity or standardisation and required each investigator to develop normal reference values." Most studies reporting reference values for either lysozyme or NAG have utilised either small numbers of subjects or uncertain or even inappropriate statistical analysis. J-5. K. 9. 12-10 Furthermore. it is unclear what factors control enzyme excretion in normal man and even the effects of such simple variables as urine concentration or age remain controversial.v?: [15] [16] [17] [18] [19] We recently reported the development of an improved and standardised assay for lysozyme along with preliminary reference values from a small group of children and adults." This investigation evaluates the effects of age and urine concentration on random urinary lysozyme and NAG concentration and provides reference values using a much larger cohort of normal individuals.
Materials and methods

RANDOM URINE SAMPI.ES
Untimed urine specimens were obtained from 443 healthy individuals between the ages of 3 months and 61 years. Sixteen of these samples were obtained from adult volunteers (25--61 years) and 427 were obtained from children and adolescents (3 months-19 years). The latter samples were obtained as part of a routine health care programme. All subjects were asymptomatic, had no prior history of renal or urinary tract disorders, were afebrile and were not receiving medications. Urine samples were frozen immediately and stored at -20°C until analysed.
ANALYTICAL METHODS
Lysozyme was measured using the improved and standardised turbidimetric method previously reported." This method utilises eggwhite lysozyme (Millipore Corporation, Freehold, NJ, USA) as the standard and M. lysodeikticus (Boehringer Mannheim Biochemicals, Indianapolis, IN, USA) as the substrate. Enzyme and substrate were prepared fresh in Sorensen's phosphate buffer (34 mmol/ L, pH 8·0) and enzyme concentration was monitored as the change in absorbance at 570 nm following 5 min of incubation at 37°C.·The assay is linear over a concentration range of 0·01-1·0 ug/ml, and the within-run and between-run coefficients of variation using normal samples were 4·8% and 9·9%, respectively. NAG measurements were performed using a slight modification of the manual fluorometric method reported by Tucker et al. 20 10 !J.L of urine was diluted to 500 !J.L with distilled water and 500 !J.L of 0·15 mol/L citrate-phosphate buffer pH 4·5 containing the substrate (4methylumbelliferyl -N -acetyl -f3 -D -glucosaminide; Sigma, StLouis, MO, USA) was added. The final substrate concentration was increased to 0'8mmoI/L, a value closer to the K m . 2 1. 22The reaction mixture was incubated at 37°C for 30 min and hydrolysis was terminated by the addition of 1·5 mL of 0·5 mol/L sodium hydroxideglycine buffer pH 10·4. Fluorescence spectroscopy was utilised to measure the liberated 4-methylumbelliferone (4-MU). As urine contains inhibitors and activators of NAG activity that are not completely removed by dilution, I, 21, 23 the individual recovery techniques suggested by Vigano et al. 2 1 were utilised. NAG concentrations were corrected to 100% recovery and values are reported as nmol 4-MU released per 30 min incubation at 37°C. The within-run and between-run coefficients of variation using normal samples were 4·3% and 5%, respectively.
Urine concentration was estimated by measuring specific gravity with a refractometer and creatinine concentration was measured using either an Autoanalyzer® technique or a 'true' creatinine method.j" The correlation between these two methods in urine samples varying in concentration between 1·4-21·0 mmol/L was excellent (r=0·98, n=20). Enzyme activity is reported both in actual concentration per ml of urine and as excretion per urnol of urinary creatinine. The latter technique has been utilised extensively to 'normalize' or quantitate enzyme activity in random urine samples. >-5, 12-16 The correlation between quantitative lysozyme or NAG excretion and excretion factored per umol creatinine using these assay methods is excellent (r=0'95, r=0'88 respectively).
STATISTICAL ANALYSIS
Data storage and analysis was done by computer utilising the Statistical Analysis System (SAs).25, 26 To analyse potential age-or urine concentration-related differences in enzyme concentration, the random samples were separated into 13 age and 10 specific gravity groups. Standard descriptive statistical analysis was done for each parameter during all periods and testing for normality of distribution was done using a normal probability plot and univariate statistics. The homogeneity of variances was determined using a Bartlett's test. As random lysozyme and NAG concentrations were found not to have homogeneous variances and/or to follow a normal distribution, even on log transformed data, all comparisons were done using the Kruskal-Wallis nonparametric Anova and a non parametric multiple comparison procedure. Homogeneous populations were identified by the latter proceudure and combined for the final analysis. All data is reported as the mean±SD and the 95th percentile was calculated as the upper limit of normal. Correlation coefficients were calculated using Pearson's product moment statistic. Standard procedures were utilised for all statistical testing. 26, 27
Results
The effects of age on lysozyme and NAG concentration or excretion in random urine samples is presented in Table 1 . It is readily apparent that these enzymes are present in widely variable concentrations in normal urine, as reflected by the large standard deviations. Enzyme concentration (per mL urine) or excretion (per umol creatinine) was not significantly (P> 0·1) affected by age although excretion did appear to be somewhat elevated in the group less than 2 years.
However, urine concentration did affect either the concentration or excretion of both enzymes in random urine samples ( Table 2) . When samples were separated by specific gravity, no difference was found in either lysozyme concentration (ug/ml., P> 0·4) or NAG excretion (nmol/umol creatinine, P> 0,1). Furthermore, no correlation was found between urine specific gravity and either of these parameters (16) 2·5±1·0 (16) Mean±SD (number of subjects). ·NAG units are nmol 4-MU released per 30 min incubation at 37"C per mL urine or umol urinary creatinine. fNo differences between groups. (13) Mean±SD (number of subjects). ·NAG units are nmol 4-MU released per 30 min incubation at 37"C per mL urine or umol urinary creatinine. tNo differences between groups. :j:Three homogenous populations identified; Groups 1, 2--{j and 7-10 all significantly different (P<O·01). §Two homogeneous populations identified; Groups 1-3 different from Groups 4-10 (P<O·01).
(r=-O·04, P>0·4 and r=0'08, P>O·I, respectively). The concentration of NAG (nmoUmL), however, was significantly (P<O·OI) elevated in those samples having a higher specific gravity and statistical analysis demonstrated the presence of two homogeneous populations (specific gravity l-(lOO-I·009 and 1·0lD-l·033). In contrast to NAG, where factoring concentration per umol creatinine obviated any effect of urine specific gravity, lysozyme excretion (per umol creatinine) was significantly (P<O·01) higher in samples having a low specific gravity ( Table 2 ) and three homogeneous populations were identified (urine specific gravity 1·000-1·003,1·004-1·018 and 1·019--1·033). The correlation coefficients between urine specific gravity and either NAG concentration (nmoUmL, r=0'33) or lysozyme excretion (ug/urnol creatinine, r=-0·33) were weak but highly significant (P=O·OOOl).
Based upon statistical analysis and the identification of homogeneous populations, normal random lysozyme and NAG concentration or excretion is presented in Table 3 . As these parameters do not satisfy the criteria for the utilisation of parametric statistical analysis, a 95th percentile is given as the upper limit of normal.
Discussion
Urinary lysozyme and NAG measurements have been utilised extensively in the evaluation of patients with a variety of renal disorders.j!" The apparent wide variation in normal enzyme concentration plus a number of method and statistical problems has created uncertainty about normal reference values and thus has limited the clinical value of these measurements. 3-<J,~14 The results of our study highlight some of these problems and provide some insight into factors that affect enzyme concentration in normal subjects.
As NAG measurements are affected by uncharacterised substances in urine and the enzyme itself demonstrates some variation in K m between individuals, it was hoped that the utilisation of individual recovery techniques and an increased substrate concentration would reduce some of the variability in enzyme concentration. I. 2. 21-23 Although NAG recovery did vary considerably, there were no differences between groups separated by either age or urine specific gravity (data not shown). Clearly these changes in assay methodology made no improvement in the apparent wide biological variability of NAG concentration or excretion (Tables 1-3) . Consistent with our previous observation, lysozyme demonstrates a similar biological phenomenon in normal subjects."
Previous investigators have reported an elevated NAG excretion (per urnol creatinine) in children, although the effects of age on lysozyme content have been less well defined.l: s. 7. IS. 16 Most of these studies have been done using either small numbers of subjects or questionable statistical techniques. Extensive analysis of our data demonstrated that neither enzyme concentration or excretion was normally distributed in random urine samples, even on log transformed numbers. Therefore, using nonparametric analysis, we were unable to define significant differences between age groups, although there was greater variability in the group less than 2 years of age as evidenced by the larger standard deviations ( Table 1) .
Although diuresis induced by diuretics may increase NAG excretion, most studies suggest that urine flow rate has little effect on NAG excretion.": [17] [18] [19] In normal subjects not receiving a water load or diuretics, Wellwood et al." reported that 75% of the individual variability in NAG concentration (per mL urine) was due to an alteration in urine flow rate. This factor was unimportant when NAG concentration was expressed per mg of urinary creatinine. The results of our study are quite compatible with these findings. We were able to demonstrate lower urinary NAG concentrations (per mL urine) in random urine samples having a lower specific gravity (Table 2 ) and a weak but significant correlation (r=0·33) between these parameters. When NAG was factored per umol urinary creattmne , no differences were seen between specific gravity groups and no significant correlation (r=0·08) was found. As NAG excretion (per urnol creatinine) in random urine samples is highly correlated with quantitative enzyme excretion, these findings also suggest that modest alterations in urine flow rate do not affect urinary NAG excretion.
The suggestion of a relationship between urine flow rate and lysozyme excretion in man was first made by Barratt and Crawford." These observations have not previously been confirmed although a similar relationship has been seen in the dog for another low molecular weight protein,~2-microglobulin.2M The significant negative correlation between urine specific gravity and lysozyme excretion (per urnol creatinine) in our study supports these previous observations as do the significant differences in lysozyme excretion when separated by urine specific gravity ( Table 2 ). All of these observations suggest that lysozyme excretion is augmented in subjects undergoing a modest diuresis although the mechanism(s) remains unclear. As lysozyme is freely filtered across the glomerular capillary and re-absorbed almost completely in the proximal tubule, it is possible that a minimal decrease in tubular re-absorption might occur with diuresis which could explain these findings.f"
In conclusion, our findings suggest that lysozyme and NAG are quite variable in normal urine samples, that age does not affect urinary enzyme concentration or excretion and that lysozyme excretion (per mol creatinine) is higher in samples having a lower specific gravity. Because of the variability of enzyme content within random urine samples, we believe that the 95th percentile is the appropriate upper limit of normal. Although normal reference data is provided in this paper for actual enzyme concentration in random urine samples, it is to be expected that the calculation of enzyme excretion (per mol creatinine) will be more sensitive in the evaluation of renal dysfunction. It must also be cautioned that the utilisation of this reference data will likely require enzyme assay using the analytical methods reported.
